Abstract
rect lesion description (88.1 vs. 95.8%, p = 0.001), and correct segment description (92.2 vs. 96.4%, p = 0.020) improved significantly. The rate of unjustified incomplete endoscopies decreased significantly (51.8 vs. 28.9%, p = 0.010). The highquality endoscopy rate improved 13.9% after the intervention (p < 0.001). Both specialists and residents improved with the audit intervention with a similar percentage of improvement in the high-quality endoscopy rate (13.9 vs. 13.4%). Conclusions: A simple audit intervention is a good way to improve the quality of reporting of UGI endoscopy, independently of degree and experience. Some of the performance measure accomplishments may depend on the software used by the endoscopy centers and it should be a priority to optimize it.
Introduction
Upper gastrointestinal (UGI) endoscopy or esophagogastroduodenoscopy (EGD) is the gold standard for the diagnosis of UGI diseases and is also a powerful tool for minimally invasive therapeutic procedures.
Several widely accepted performance measures were developed to assess colonoscopy quality [1, 2] and several studies exist evaluating the quality of colonoscopy in routine practice [3, 4] . However, for EGD there are only a few studies assessing quality measures [5] , particularly of the reporting. Moreover, only very recently were performance measures for EGD published by the European Society of Gastrointestinal Endoscopy (ESGE) [6] . This lack of performance measures, which lasted much longer than for colonoscopy, may have been affecting EGD quality over the years. In fact, a recent meta-analysis reported that gastric cancer missing rates are around 10% [7] , superior to the 6% documented for colorectal cancer [8] .
Quality audit benefits include an opportunity for endoscopic units and their members to assess their current status in terms of procedure quality, providing an opportunity and motivation to improve it [9] . However, due to a lack of quality indicators until recently, there are few relevant studies assessing EGD quality. Very recently, a similarly designed study tried to evaluate improvement after a training program [10] . Nevertheless, it is not yet sufficiently described if quality audits have practical effects on the quality and if those depend on degree and experience.
Therefore, this study aimed to evaluate the quality of EGD and EGD reports in a tertiary center and to assess the effect of a simple audit intervention on improving quality.
Methods

Study Design and Selection of Cases
This was a prospective study performed at the Instituto Português de Oncologia do Porto, Portugal, a tertiary oncology referral center. Consecutive patients submitted to EGD in the year of 2012 were included and their EGD reports were analyzed in a total of 1,000 reports included. These 2012 reports were made based on an Access program (Microsoft, USA) that required manual photo recording in independent photo software. In January 2013, the endoscopy reporting software changed (SiiMA gastro, First Global, Portugal), allowing automatic photo documentation. Even though the software was different, the only major change was in photo documentation, with free text for reporting and the only obligatory information being patient and endoscopist identification. An additional 55 reports of 2015 were analyzed and compared with the reports done in 2012 to verify the effect of the software on quality indicators. In October 2016, the results of the 2015 quality analysis were presented to all the gastroenterologists performing EGD in the Gastroenterology Department during a clinical meeting. Only the overall analysis and the comparison between specialists and residents were presented, without personalized analysis. General recommendations concerning reporting quality were given and all gastroenterologists were informed that subsequent periodic evaluations would take place. The first 250 EGD reports of 2017 were then similarly analyzed. The gastroenterologists were not informed that there would be another evaluation starting in 2017. No exclusion criteria were defined a priori.
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Variable Definition and Analysis Performed This study (conceived by P.L.G., P.P.-N., and M.D.-R.) was started before the performance measures defined by the ESGE were published. Thus, three expert gastroenterologists (P.P.-N., M.D.-R., D.L.) were consulted in order to select the criteria to define high-quality EGD reporting that should be included in this study. In the case of disagreements, a consensus was reached, and only the performance measures that were accepted by the three gastroenterologists were included ( Table 1 ).
All but 1 performance measure (comprehensibility) were objective and retrieved directly from the report. Comprehensibility of the report was classified by two final-year medical students that analyzed the reports. A minimum of 8 photographs (esophagus: gastroesophageal junction; stomach: cardia in retroflexed view; fundus/body in retroflexed view; body in forward view; angulus/ incisura; antrum; bulb, and finally the second portion of the duodenum) plus lesion photographs were considered as criteria for adequate photo documentation.
The proportion of reports that did not accomplish each performance measure before and after the intervention was assessed. Additionally, a subgroup analysis was performed according to the degree of specialization of the gastroenterologist: resident or specialist. Three reports were excluded from this analysis due to a lack of information about the operator.
An additional analysis was performed according to specific indications or findings on UGI endoscopy: esophagitis, Barrett's esophagus, strictures, gastritis/gastropathy, erosions/ulcers, superficial lesions, subepithelial lesions, polyps, and operated stomach. In this analysis, the performance measures of photo documentation and the use of standardized disease-related terminology were assessed. In the case of gastritis/gastropathy, the use of 2 or more biopsy containers as recommended was also evaluated.
Finally, the proportion of high-quality EGD reporting was calculated. EGD reporting was defined by the same three experienced gastroenterologists as high-quality if all the following criteria were met: presence of indication, complete examination or a justified incomplete one, correct lesion description (when present), correct segment description, presence of a correct conclusion, presence of 2 or more containers when lesions of gastritis present, and complete comprehensibility.
Statistical Analysis
IBM Statistic Software -IPSS, Microsoft Office Excel 2007, and Graphpad software were used in the data collection and statistical analysis. Descriptive statistics include number and proportions for categorical variables. Comparisons between groups were performed with the χ 2 test, and a p value < 0.05 was considered statistically significant.
Results
Before the Intervention (2012)
From the data retrieved from 1,000 reports in 2012, 64.1% were considered high-quality reports of EGD, with the remaining failing to meet at least 1 of the performance measures defined for the high-quality EGD reporting analysis. Overall, an indication for the examination was present in 91.9%, the examination was complete in 80.8%, and a conclusion was reported in 98.6% (Table 2) . However, 51.8% of the reports did not include the reason for an incomplete procedure, and adequate photo documentation was only present in 35.8% of the procedures. Presence of indication, correct segment description, correct lesion description, presence of follow-up, and absence of abbreviations were all significantly higher in residents when compared with specialists (Table 2) . Despite this, no significant differences were found in the percentage of high-quality reports between the two groups (62.2 vs. 67.7%, p = 0.075).
The lesion-based analysis outlined superficial lesions as the most common incorrectly described lesions (38.5%), while subepithelial lesions were most often correctly described (92.9%). Photo documentation was particularly low in strictures (16.7%), while gastritis/gastropathy was the more frequently photo-documented condition (57.6%). In gastritis/gastropathy, when biopsies were taken, 2 or more containers were used in 90.3% of the cases. Significant differences between specialists and residents were found in the performance measure of 2 or more containers in the case of gastritis/gastropathy lesions (84.2 vs. 100%, p = 0.012), photo documentation of stricture lesions (25.4 vs. 9.9%, p = 0.013), and correct polyp description (75.0 vs. 96.2%, p = 0.027). However, no significant differences were found in the high-quality endoscopy reporting rate (64.1 vs. 63.6%, p = 0.944).
After the Intervention: Overall Results
The comparison between the reports from 2012 and 2017 showed an overall significant increase in almost all performance measures and a significant increase in the rate of high-quality reporting (64.1 vs 78.0%, p < 0.001) (Fig. 1 ). An increase was also found in the rates of accomplishment of the performance measures of indication presence and concordance of conclusion with description, but the difference was not statistically different. On the other hand, the presence of clear information on the number of containers/vials (65.6 vs 56.6%) and the presence of a conclusion (98.6 vs. 98.4%) were the only performance measures that showed a decrease after the intervention, although not statistically significant ( Table 2 ).
The lesion-based analysis (Table 3) showed a significant increase of correctly described lesions in reports with gastritis/gastropathy (90.7 vs. 100%, p = 0.007) and superficial lesions (61.5 vs. 94.7%, p = 0.010). A nonsignificant increase was also found in all other lesions, with the exception of strictures where a nonsignificant decrease was found (90.3 vs. 90.0%, p = 0.977).
After the Intervention: Specialists versus Residents
Both residents and specialists improved their accomplishment of the performance measures evaluated (Fig. 2) . Nevertheless, the presence of clear information about the number of bottles significantly decreased in the specialist group (67.8 vs. 49.0%, p = 0.014), while there was a trend towards an improvement in this performance measure in the resident group (63.4 vs. 68.8%, p = 0.556). On the other hand, the rate of indication presence on the report decreased in residents (100 vs. 92.6%, p < 0.001) and increased in specialists (87.3 vs. 92.9%, p = 0.051). The performance measures correct segment description, clear information about the number of containers used when biopsies were taken, correct lesion description, and follow-up recommendation increased significantly in specialists, as opposed to residents. On the other hand, the performance measures abbreviations and comprehensibility improved significantly in residents, but not in specialists. The performance measures chromoendoscopy use and photo documentation as well as the rate of highquality endoscopy reporting improved significantly in both specialists and residents, with an increase of 13.9 and 13.4%, respectively ( Table 2 ).
The lesion-based analysis showed more significant improvements in specialists than residents. Photo documentation, except for Barrett's esophagus and polyps, as well as the description of superficial lesions improved significantly in specialists. Similarly, the photo documentation of gastritis/gastropathy, strictures, subepithelial lesions, superficial lesions, polyps, and operated stomachs improved significantly in residents. There were no significant improvements in the lesion description of any lesion.
Discussion
To our knowledge, this study is one of the first studies evaluating the quality of UGI endoscopy and the effect of an intervention on the quality of the procedure. We found that the rate of high-quality endoscopy reporting was 64.1% in 2012, increasing to 78.0% in 2017 after a brief intervention about quality parameters.
The majority of the performance measures evaluated in this study are similar to those recently recommended by the ESGE guidelines [6] , such as photo documentation or the use of standardized disease-related terminology, even though this study was initiated before the publication of the ESGE guidelines. Other performance measures present in the ESGE guidelines were also considered important to evaluate, but they were not included in this study, since they could not be retrieved from the endoscopy reports (mainly due to the software used at our institution). This was the case for all time-related measures or the evaluation of fasting instructions. It is also important to note that additional performance measures (not present in the guidelines) were also evaluated in this study, because they were considered good quality indicators by the three experienced gastroenterologists, and perhaps these performance measures should be taken into account in future guidelines. As an example, although not being considered in the guidelines, other studies consider the presence of an indication and conclusion in the report to be essential in all endoscopic procedures [11, 12] , and therefore we considered it essential to a high-quality EGD report. The use of standardized disease-related terminology, a performance measure included in the ESGE guidelines, was also included. Finally, the comprehensibility of the report by two final-year students was considered to be a key indicator, since doctors' understanding of the report is highly relevant. We showed that with a simple intervention, the quality of EGD and its reporting can significantly improve. The analysis performed in 2012 showed that the accomplishment of some performance measures was lower than desirable, especially regarding the absence of justification for an incomplete examination and follow-up recommendations. With this intervention, the rate of highquality reporting improved by 13%, and there was a marked improvement (from 88 to 96%) in the use of standardized disease terminology, a key performance measure present in the guidelines. The rate of high-quality endoscopies after the intervention was 80%, a value similar to the reported rate of high-quality colonoscopies [13] . We also found that the overall rate of high-quality endoscopy reporting was similar between residents and specialists and that the intervention resulted in a similar improvement in both groups in the rate of high-quality reporting. Moreover, not only the audit might have had a positive effect on reporting, but the fact that the endoscopists knew that periodic audits would be initiated might also have had a positive effect on the results. High-quali- ty colonoscopy, an area where several performance studies exist, is known for its importance in cancer prevention [14] but also for providing better patient experience and cost reduction [9] , and efforts should be made to improve the quality in UGI endoscopy since it can also be associated with the improvement of those outcomes. Our study has some limitations. First, the performance measures were retrieved only from endoscopy reports and did not include real-time relevant quality indicators such as lesion detection. Nevertheless, reporting is an essential part of the procedure, as important as the technical part of it and should not be underestimated. It is our understanding that a well-performed but not adequately reported procedure is still not a high-quality EGD. As previously stated, the software used in our institution limited some of the performance measures evaluated (e.g., timerelated indicators, sedation, and endoscope information).
In contrast to what would be expected, the 2015 analysis showed no significant improvement in endoscopy reporting quality relative to 2012. Actually, the significant differences found demonstrated a decrement in the rate of accomplishment of some performance measures, such as indication presence, correct segment description, concordance of conclusion with description, or comprehensibility. The exception was the rate of reports with photo documentation of the procedure, showing a sharp improvement of 51.8%. This improvement is probably due to the software change, which made photo documentation easier and less time consuming. We cannot rule out that the natural development of health services and the increasing awareness of the importance of high-quality endoscopy reporting might have had a role in this improvement. However, since the results of 2015 were worse that the ones of 2012, it looks likely the audit was the most important factor for the increased quality of reporting. Despite this, it is important to highlight that this analysis included only 55 reports and consequently the precision of the results may be low. With this analysis we demonstrated that, other than photo documentation, no significant differences were evident between the quality of endoscopy reporting of 2012 and 2015, supported by the similar rate of high-quality endoscopy rates in both analyses. Because of this similarity, we chose to compare the 2012 analysis with the 2017 analysis, since the number of reports collected was much higher (and if any we are underestimating the effect of the intervention).
The results of this study suggest that an intervention may increase the quality of the procedure, although it should be complemented with other measures. One of them is certainly software facilities, as recommended by ESGE [15] , with results demonstrated both in this study (with the photo documentation increase of 2015 compared to 2012) and in a recent study regarding colonoscopy quality [16] . Simple measures, such as an obligation to fill in key information or the utilization of a userfriendly, less time-consuming software, should be made a priority. We believe that changes in the software allowing an easier way to collect data (for instance, measuring the time of endoscopy by clicking on a button) and making some parameters obligatory will allow for a better endoscopy quality.
In conclusion, we demonstrated that a high number of UGI endoscopy reports can be considered of high quality, although some performance measures are not sufficiently accomplished, and that an intervention with gastroenterologists giving feedback about the results of a quality analysis seems to be a simple way of improving UGI endoscopy quality independently of degree or experience.
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